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(57) ABSTRACT

Provided 1s a signal amplification apparatus with advanced
linearization, the signal amplification apparatus including: a
driving unit having a structure of a cascode amplifier includ-
ing a first active element and a second active element and
outputting an amplification signal 1n which an input signal 1s
amplified, to an output terminal; a third active element receiv-
ing a signal diverged between the first active element and the
second active element while gate and drain terminals of the
third active element are shorted; a fourth active element of
which gate and drain terminals are connected to a source
terminal of the third active element; and a fifth active element
of which gate terminal 1s connected to the drain terminal of
the fourth active element, outputting a non-linear signal hav-
ing an opposite phase to the amplification signal to the output
terminal so as to cancel a third-order inter-modulation distor-
tion component included 1n the input signal. An amplification
signal in which an mput signal 1s amplified 1s combined with
a non-linear signal having an opposite phase to the amplifi-
cation signal and a low gain and 1s output so that a third-order
inter-modulation distortion component included 1n the mput
signal can be cancelled and a signal with advanced linearity
can be output.

5> Claims, 8 Drawing Sheets

| <
RFO[H

\340



U.S. Patent May 10, 2011 Sheet 1 of 8 US 7,940,126 B2

G, T

120

o

—@ vaut

‘ﬁ\m

— e S— rrwrieder et pEmagy

vbias D_'l M? RFOUI

210




U.S. Patent May 10, 2011 Sheet 2 of 8 US 7,940,126 B2

-G, 3

320 =F
\/baaa D':'_l o
rifhj
| | ]——1 e | M.

RF \
3———ﬂ—ﬂﬂﬂf\——|§|\m 310 L 540
312 M,
Kgy 330//{
FlG. 4
VDD
314
N —-
M, | 320 R
VbtaSD':_'l -_ ,/ o
M.
LM
:{Fin \\
D—II——rm\——-{ M. ~310 | Al 340
/"“ T 350
312 —'I M,



U.S. Patent May 10, 2011 Sheet 3 of 8 US 7,940,126 B2
FlG. 5
VDD
314
\\j —C

Mg . J1
VbasDﬂl—l[ ’ i _L,/320 =5 k.

| M \\360

__lﬁ_‘_( T M.
i o 340




&
\/J H

US 7,940,126 B2

SIGNAL
[

OuUTPUT

|
|
ON

Sheet 4 of 8
FIG. 7
FICATION

SIG:NAL
W

:

May 10, 2011
Voo AMPL

U.S. Patent

-G, 8

ICATION SIGNAL
NON-LINEAR SIGNAL

— A — AMPLI

by
bl

-!—I—-._.'r“-rl-r'r'r'—r'-l-'

(A) ADVII0OA LNdLNO

TIME (ns)



U.S. Patent May 10, 2011 Sheet 5 of 8 US 7,940,126 B2

10 5.5 dBm | O
O Q% 0 5
Z 4 10 ~15.4 dBm . e
(0 <C 20 g
N = z )
~ O -30dBm "o (3
=@ —30 —
~ < 40
D L1
L = ~50 /
< =z —70
"_80 — ‘ L I '
~30 ~20 ~10 0.0
NPUT SIGNAL (dBm)

—O0— FUNDAMENTAL COMF’ONéNT OF AMP I—ICATION SIGNAL

PN 3rd—ORDER INTER—-MODULATION COMPONENT OF
AMPLIFICATION SIGNAL
— O — :UNDAM“NTAL COMPONENT OF OUTPUT SIGNAL
Ao 3rd-ORDER INTER—-MODULATION COMPONENT OF
OQUTPUT SIGNAL
O T . —0—{
. ﬁ—@ﬂg
- B 0—=6=°
— _g-—0 A 4
= 50— F , -
N _og| O - CANCELLATION __ &ﬂﬂ
= P | RANGE P
L] ; O
< i i 0””/’
O —40 Q/A___...ﬂ!.‘s
. l~ ; SN
— /;,/ﬁ’/&
D VA
= &
= —60 .
® /O/
<4
—_ 8 O | | | | R N R I 1
-30 —25 —20 -15 -10 —5 0

NPUT POWER (dBm)




US 7,940,126 B2

Sheet 6 of 8

May 10, 2011

U.S. Patent

R
i

e

AN
A
R

.,

ALY,

=

i
-
[}

N

== T L
A
e !
- a. ..” e

-

IR

SRR aou

=R

— R

|

MODULATION

INTER

R USING
DISTORTION CANCELI

CASCODE AMPLI

i
TTET]

11

qp

10

NIV

—-10
R (dBm)

—20

—30

oy
—

INPUT POW



U.S. Patent May 10, 2011 Sheet 7 of 8 US 7,940,126 B2
uICH
—_— __ -
—A— CASCODE AMPLIFIER |
— o_ AMPLIFIER USING INTER-MODULATION|
| DISTORTION CANCELLER
30 lv——— — e
O
) J/
2 4
4 o/
() A g
o] Va
By
o’ |
a'/
ﬁeﬁé
O by — —0—9 a T S
-30 20 10 0
INPUT POWER (dBm)
G, 14
AMPLIFIER USING INTER-MODULATION
DISTORTION CANCELLER
OIP,=15.5dBm
20 |
L CASCODE AMPLIFIER -
OIP,=9.5dBm el
0 e a' a0 /"f
S P CASCODE AMPLIFIER
(L 72" /" —0— FUNDAMENTAL POWER COMPONENT
= —40 7 & __ 3rd-ORDER INTER-MODULATION
S5 : " o COMPONENT
= g0 | @lsTo0 AMPLIFIER USING INTER-MODULATION
T DISTORTION CANCELLER
3 an P — A — FUNDAMENTAL POWER COMPONENT
., 3rd-ORDER INTER-MODULATION
[ COMPONENT l
-100 A S |
~30 -10 0 10
INPUT POWER (dBm)




U.S. Patent May 10, 2011 Sheet 8 of 8 US 7,940,126 B2

G, 15

— CASCODE AMPLIFIER

— o0— AMPLIFIER USING INTER-MODULATION
DISTORTION CANCELLER |
O P —— l

40 O\\ A

30 |- N

O_. A
20 ~a

Vi

3rd—ORDER INTER-MODULATION
COMPONENT (dBc)
O
/
O

10 L NI DR A |
—-30 ~20 -10 0

INPUT POWER (dBm)




US 7,940,126 B2

1

SIGNAL AMPLIFICATION APPARATUS
WITH ADVANCED LINEARIZATION

CROSS-REFERENCE TO RELATED PATENT
APPLICATION 5

This application claims the benefit of Korean Patent Appli-
cation No. 10-2009-0066467, filed on Jul. 21, 2009, 1n the

Korean Intellectual Property Office, the disclosure of which 1s
incorporated herein 1n its entirety by reference. 10

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a signal amplification 15
apparatus with advanced linearization, and more particularly,
to an apparatus for removing distortion signals generated due
to non-linearization of an active element when an imnput signal
1s amplified and output.

2. Description of the Related Art 20

In general, mobile communication systems require an
apparatus for transmitting and receiving signals. When sig-
nals are transmitted from a transmission terminal to a rece1v-
ing terminal, a loss occurs due to characteristics of a channel
according to a transmission distance. Thus, 1n order to com- 25
pensate for the loss, mobile communication systems require a
signal amplifier.

FIG. 1 1s a circuit diagram of a conventional signal ampli-
fier. Referring to FIG. 1, the conventional signal amplifier1s a
common source amplifier and includes a driving unit 110 that 30
amplifies an mnput signal and a resistor 120 that 1s a passive
clement. The driving umt 110 1s an active element and 1s a
three-terminal transistor including a source, a drain, and a
gate. A current that flows between the drain and the source 1s
varied by a radio frequency (RF) signal that 1s input to the 35
gate. Also, the resistor 120 that i1s the passive element per-
forms the function of determiming a gain of the signal ampli-
fier and an operating point of the driving unit 110.

FI1G. 21s acircuit diagram of a conventional cascode ampli-
fier including a common source transistor and a common gate 40
transistor. Referring to FIG. 2, the conventional cascode
amplifier includes a driving unit 210 that includes a common
source and a common gate 1n order to enhance the degree of
separation of input and output, and a load terminal 220. Also,
an inductor for obtaining a high gain from a high-frequency 45
amplifier 1s used 1n the load terminal 220.

A heterodyne method that 1s widely used 1n communica-
tion systems uses an intermediate frequency so as to enhance
the degree of frequency selection at a recerving side. The
heterodyne method has a limitation 1n realizing a low cost, 50
low power, and small RF front end. In a direct conversion
method that has been suggested to solve the problems, an
intermediate frequency terminal 1s removed to simplity pro-
cessing ol an RF signal. In the direct conversion method, an
analog block of the communication system 1s mimimized to 55
realize a low cost, low power, and small mobile communica-
tion terminal. However, 1n the direct conversion method,
inter-modulation distortion occurs due to non-linearity that
occurs 1n each circuit.

In mter-modulation distortion, undesired frequency com- 60
ponents are generated due to non-linear components that are
generated by the active element. Thus, a transceiver for trans-
mitting and receiving RF signals, when the gain of an input
signal 1s high, non-linear components are relatively
increased, and distortion of a transmitted signal occurs, and a 65
problem occurs 1n data transmission. In digital mobile com-
munication such as code division multiple access (CDMA),

2

cach of signals 1s not used in different frequency domains, and
signals each having a wide frequency band are encrypted as
codes and coexist 1n the same frequency band, and thus lin-
carity of signals 1s an important factor.

A back-oil method 1n which a laser diode having a better
performance than a performance to be used 1s used, a feed-
forward method 1 which only distortion components of a
laser diode are extracted to generate signals having the same
magnitude as that of distortion signals of a main signal and
having an opposite phase to that of the distortion signals and
to remove only the distortion signals, and a pre-distortion
method 1n which signals having the same magnitude of that of
distortion signals of a main signal and having an opposite
phase to that of the distortion signals are generated to remove
the distortion signals, have been suggested as conventional
signal linearization methods. In these signal linearization
methods, many RF elements are used to cause a high cost and
high power consumption and the volume of a circuit 1s
increased.

Meanwhile, 1n the conventional cascode amplifier of FIG.
2, a second-order dervative g " that 1s generated 1n Equation
of a drain current I, 1s mimmized to remove non-linear
components. However, the signal linearization method can be
used only in a narrow bandwidth and 1s not appropriate for
compensating for linearity of large signals output from a
transmission unit.

SUMMARY OF THE INVENTION

The present invention provides a signal amplification appa-
ratus 1n which a third-order inter-modulation distortion com-
ponent included 1n an input signal 1s removed when the input
signal 1s amplified so that a signal with advanced linearity can
be output.

According to an aspect of the present invention, there 1s
provided a signal amplification apparatus including: a driving
unit having a structure of a cascode amplifier including a first
active element and a second active element and outputting an
amplification signal in which an mput signal 1s amplified, to
an output terminal; a third active element receiving a signal
diverged between the first active element and the second
active element while gate and drain terminals of the third
active element are shorted; a fourth active element of which
gate and drain terminals are connected to a source terminal of
the third active element:; and a fifth active element of which

gate terminal 1s connected to the drain terminal of the fourth
active element, outputting a non-linear signal having an oppo-
site phase to the amplification signal to the output terminal so
as to cancel a third-order inter-modulation distortion compo-
nent included 1n the mput signal.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other features and advantages of the present
invention will become more apparent by describing 1n detail
exemplary embodiments thereolf with reference to the
attached drawings 1n which:

FIG. 1 1s a circuit diagram of a conventional signal ampli-
fier:

FIG. 2 1s a circuit diagram of a conventional cascode ampli-
fier including a common source transistor and a common gate
transistor:

FIG. 3 1s a circuit diagram of a signal amplification appa-
ratus with advanced linearization according to an embodi-
ment of the present invention;
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FIG. 4 1s a circuit diagram of a signal amplification appa-
ratus with advanced linearization according to another

embodiment of the present invention;

FIG. 35 15 a circuit diagram of a signal amplification appa-
ratus with advanced linearization according to another
embodiment of the present invention;

FIG. 6 1s a circuit diagram of a signal amplification appa-
ratus with advanced linearization according to another
embodiment of the present invention;

FIG. 7 1s a circuit diagram 1llustrating a case where an
inter-modulation distortion canceller that 1s a non-linear sig-
nal generator 1s connected to a driving unit including a first
active element and a second active element, 1.e., the conven-
tional cascode amplifier of FIG. 2;

FI1G. 8 1s a graph showing the result of comparing an output
wavelorm of the driving unit with an output wavetorm of the
inter-modulation distortion canceller 1n the circuit of FIG. 7;

FI1G. 9 1s a graph showing the magnitude of an amplifica-
tion signal or a non-linear signal according to the magnitude
of an input signal 1n the signal amplification apparatus of FIG.
6.

FIG. 10 1s a graph showing the result of two-tone simula-
tion with respect to the signal amplification apparatus of FIG.
6,

FIG. 11 1s a micro-photo of a drive amplifier 1n which the
signal amplification apparatus of FIG. 6 1s implemented;

FI1G. 12 1s a graph showing the result of measuring OP, .
of the conventional cascode drive amplifier of FIG. 2 and
OP, .- of a drive amplifier using an inter-modulation distor-
tion canceller according to an embodiment of the present
invention;

FI1G. 13 15 a graph showing power-added etliciency (PAE)
versus 1put power;

FIG. 14 1s a graph showing output power versus input
power of the conventional cascode drive amplifier of FIG. 2
and output power versus mput power of the drive amplifier
using the mter-modulation distortion canceller according to
an embodiment of the present invention; and

FIG. 15 1s a graph showing a third-order inter-modulation
distortion component versus input power of the conventional
cascode drive amplifier of FIG. 2 and a third-order inter-
modulation distortion component versus mput power of the
driver amplifier using the inter-modulation distortion cancel-
ler according to an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Hereinafter, the present invention will be described in
detail by explaining exemplary embodiments of the invention
with reference to the attached drawings.

FIG. 3 1s a circuit diagram of a signal amplification appa-
ratus with advanced linearization according to an embodi-
ment of the present invention. Referring to FI1G. 3, the signal
amplification apparatus with advanced linearization accord-
ing to the present embodiment includes a plurality of active
clements, 1.e., a driving unit 310 including a first active ele-
ment 312 and a second active element 314, a third active
element 320, a fourth active element 330, and a fifth active
clement 340.

In the signal amplification apparatus of FIG. 3, the active
clements, the first active element 312 through the fifth active
element 340, are MOSFETs. However, these MOSFETSs as
active elements can be replaced by other three-terminal semi-
conductor devices that are commonly used.

The driving unit 310 has the same configuration as the
cascode amplifier of FIG. 2 and performs a function of ampli-
tying an input signal and outputting the amplified signal to an
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4

output terminal of the signal amplification apparatus of FIG.
3. The first active element 312 of the driving unit 310 has a
common source structure 1n which the magnitude of a current
between drain and source terminals 1s varied based on the
magnitude of a voltage between gate and source terminals and
an mput signal RF, 1s mput to the gate terminal. Next, the
second active element 314 has a common gate structure in
which a gate terminal 1s connected to a bias electric potential
V, . . asource terminal 1s connected to the drain terminal of
the first active element 312 and a drain terminal 1s connected
to the output terminal of the signal amplification apparatus of
FIG. 3.

The third active element 320 of which gate and drain ter-
minals are connected to the source terminal of the second
active element 314 recetves a signal output between the first
active element 312 and the second active element 314 and sets
a direct current (DC) operating point of the fifth active ele-
ment 340. Also, the fourth active element 330 receives a
signal output from the third active element 320 and reduces a
gain of the fifth active element 340. The fifth active element
340 has a common source structure in which a gate terminal
1s connected to gate and drain terminals of the fourth active
clement 330 and a drain terminal 1s connected to the output
terminal of the signal amplification apparatus of FIG. 3, and
removes a non-linear component of a signal.

In FIG. 3, the third active element 320 operates like a diode
while the drain and gate terminals of the third active element
320 are shorted, and a DC voltage between the first active
clement 312 and the second active element 314 1s decreased
by the third active element 320 to a threshold voltage of a
transistor. As described above, the fourth active element 330
also performs a function of a bias transistor for determining
the DC operating point of the fifth active element 340. Thus,
the fifth active element 340 has a low gate voltage, and the DC
operating point of the fifth active element 340 1s determined
near the threshold voltage of the transistor. Due to the above
phenomenon, the fifth active element 340 has a low gain and
generates a signal with high non-linearity.

When it 1s assumed that the phase of the input signal 1s 0°
and the 1nput signal passes through the first active element
312, the phase of the mput signal 1s 180°-inverted and 1is
amplified. The amplified signal output from the first active
clement 312 passes through the second active element 314
that 1s a common gate amplifier having a current gain. Thus,
an amplification signal output from the driving unit 310 has a
180°-1nverted phase with respect to the mput signal. Mean-
while, a signal diverged at an intermediate terminal of the first
active element 312 and the second active element 314 passes
through the third active element 320 and then the phase of the
signal 1s 180°-1nverted by the fifth active element 340. Thus,
the signal from the fifth active element 340 has the same phase
as that of the mitial input signal.

The mput signal that 1s input to the first active element 312
of the driving unit 310 1s transmitted via two paths. In detail,
the iput signal that passes through a first path, 1.e., the first
active element 312 and the second active element 314, has a
high gain and a 180°-1nverted phase with respect to the 1nitial
input signal. Also, the input signal that passes through a
second path, 1.¢., the first active element 312, the third active
element 320, the fourth active element 330, and the fifth
active element 340, has a low gain and high non-linearity and
has the same phase as that of the initial input signal.

Since the signals transmitted via the two paths are finally
combined with each other at the output terminal of the signal
amplification apparatus of FIG. 3, an inter-modulation dis-
tortion signal that exists 1n the input signal may be cancelled
due to the two signals having a phase difference of 180°.
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FIG. 4 1s a circuit diagram of a signal amplification appa-
ratus with advanced linearization according to another
embodiment of the present invention. The signal amplifica-
tion apparatus of FI1G. 4 1s different from the signal amplifi-

cation apparatus of FIG. 3 in that it further includes a first
resistor element 350 that 1s a passive element connected
between a drain terminal of the fourth active element 330 and
a gate terminal of the fifth active element 340 to enhance
linearization of an input signal.

FIG. 5 1s a circuit diagram of a signal amplification appa-
ratus with advanced linearization according to another
embodiment of the present invention. The signal amplifica-
tion apparatus of FIG. 5 1s different from the signal amplifi-
cation apparatus of FIG. 3 in that 1t further includes a second
resistor element 360 that 1s a passive element connected
between a drain terminal of the fifth active element 340 and an
output terminal to enhance linearization of an 1nput signal.

FIG. 6 1s a circuit diagram of a signal amplification appa-
ratus with advanced linearization according to another
embodiment of the present invention. The signal amplifica-
tion apparatus of FIG. 6 1s different from the signal amplifi-
cation apparatus of FIG. 3 in that 1t further includes a first
resistor element 350 and a second resistor element 360.

The first resistor element 350 and the second resistor ele-
ment 360 that are added passive elements adjust the magni-
tude of an output signal of the driving umt 310, 1.e., an
amplification signal, and the magnitude of the fifth active
clement 340, 1.e., a non-linear signal, to be the same so as to
remove a non-linear component from the output terminal.
Furthermore, as described above, the operating point of the
fifth active element 340 1s determined by the third active
element 320 and the fourth active element 330, and thus, an
additional bias circuit for driving the fifth active element 340
1s not required.

The first active element 312 through fifth active element
340 of the signal amplification apparatuses with advanced
linearization of FIGS. 3 through 6 may be implemented by an
n-channel MOSFET (NMOS). Also, a capacitor and an
inductor that are connected to the gate terminal of the first
active element 312 to which the input signal 1s 1nput are used
to remove a DC component from the input signal and to match
the 1nput signal, and the inductor connected to the output
terminal of the driving unit 310 serves as an RF choke. The
capacitor connected to the output terminal of the driving unit
310 1s used to remove a DC component from the output
signal.

Hereinafter, a principle of cancelling and removing a non-
linear component included in an mput signal by using one of
the signal amplification apparatuses of FIGS. 3 through 6 will
be described.

Non-linearity of a general common source transistor
occurs due to non-linearity of transconductance g_ that 1s a
variation of a drain current due to a change in voltage input to
a gate. The vanation of the drain current according to a gate
input voltage may be expressed by Equation 1:

S 2 3
IBS_IEC+gml.vgs+gm2.vgs +gm3.vg5 ... (1):
where 1,,.1s a drain current, and I, 1s a DC current,and g___

1s an n-order ditferential coetticient of a DC transition tunc-
tion, and V__ 1s a gate mput voltage.
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Also, g . through g_. of Equation 1 may be defined by
Equation 2:

(2)

3’ Ing

OV

8 Ips
av{%s b §m3 -

c‘ifm
aVGS

gml — ” gmz —

In Equations 1 and 2, g_, 15 a coelficient of a third-order
component of a gate-source voltage, and thus 1s a main com-
ponent of third-order imnter-modulation distortion IMD, of a
common source amplifier.

The cascode amplifier of FIG. 2 1s constituted by connect-
ing a common source terminal and a common gate terminal.
A non-linear component that 1s generated 1n the common
source terminal 1s transmitted to the common gate terminal
that operates as a current butler. Thus, the non-linear compo-
nent generated in the common source terminal 1s a main factor
for deteriorating linearity of the cascode amplifier of FIG. 2.
Thus, the signal amplification apparatuses of FIGS. 3 through
6 include the fourth active element 330 so as to remove the
non-linear component. Hereinatter, a principle of cancelling

a non-linear signal included 1n the output signal of the driving
umt 310 by using the fourth active element 330 will be
described.

FIG. 7 1s a circuit diagram 1llustrating a case where an
inter-modulation distortion canceller 410 that 1s a non-linear
signal generator that 1s the same as the fifth active element 340
1s connected to the driving unit 310 including the first active
element 312 and the second active element 314, 1i.e., the
conventional cascode amplifier of FIG. 2. Referring to FI1G. 7,
an iput signal 1s amplified by the first active element 312 and
the second active element 314 of the driving unit 310, and the
amplified signal and the iput signal have a phase difference
ol 180°. Also, a signal diverged at the intermediate terminal of
the first active element 312 and the second active element 314
1s 1input to the mter-modulation distortion canceller 410.

The inter-modulation distortion canceller 410 1s designed
to operate near a threshold voltage and allows the gain of a
fundamental signal to be minimized and a third-order inter-
modulation component to be maximized. The signal that
passes through the inter-modulation distortion canceller 410
has a phase difference of 180° with respect to the output
signal of the dniving umit 310, 1.e., the amplification signal.

A final output signal 1s a signal that 1s generated by com-
bining the output signal of the driving unit 310, 1.e., the
amplification signal, and the output signal of the inter-modu-
lation distortion canceller 410, 1.¢., the non-linear signal. If
the si1zes of third-order inter-modulation components of two
signals are the same, the third-order inter-modulation com-
ponent of the mput signal may be cancelled from the final
output signal. In this case, the size of the fundamental signal
1s greatly amplified by the driving unit 310. Thus, even when
the fundamental signal 1s combined with the non-linear signal
output from the inter-modulation distortion canceller 410, the
s1ze of the fundamental signal 1s not varied.

If a gain of the first active element 312 and a gain of the
second active element 314 are -G, ., and -G, ,,, respectively,
outputs of the first active element 312, the second active
element 314, and the inter-modulation distortion canceller
410 may be expressed by Equation 3. In this case, symbol °-’
of the gain of the first active element 312 and the gain of the
second active element 314 represents that a phase difference
between an mput signal and an output signal 1s 180°.

1

1
Ouipy = —(Gm Vip + (5] -Gz vy, + (a] Gz V?n]

(3)
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-continued

1 1
Outprr = Gz - Outyyy + (5] -Gz - Outiyy + (g] - Gpy23 - Outyyy

Outyyz =

| 1
—(Gmgl -OL{IMI 4+ (E] - GMgg - OL{I?WI 4+ (g] - GM33 - OL{I}S{“],

where Out, ,, 1s an output signal of the first active element
312, and Out, ., 1s an output signal of the second active ele-
ment 314, and Out, , 1s an output signal of the inter-modula-
tion distortion canceller 410, and G, ,, 1s an n-order gain
coellicient, and v, 1s a gate-source voltage signal input to the
first active element 312.

The coefficient of v, ° obtained from Equation 3 may be
expressed by Equation 4 and has to be 0 so as to remove
inter-modulation distortion components.

Gan 1> (Garza—Gar3)+Gan 3 (Gass 1
Gar1)-3Gan11°Gan2(Gagz—Gap2)=0 (4)

In order to make the coefficient of v, ° of Equation 4 be 0,
a gain coelficient corresponding to the second active element
314 and a gain coelficient corresponding to the inter-modu-
lation distortion canceller 410 have to be the same. Thus, by
varying the channel width of the inter-modulation distortion
canceller 410, a third-order inter-modulation component may
be cancelled.

FI1G. 8 1s a graph showing the result of comparing an output
wavetorm of the driving unit 310 with an output waveform of
the mter-modulation distortion canceller 410 1n the circuit of
FIG. 7. Wavelorms shown in FIG. 8 represent the result of
simulation 1n which an input signal of 2500 MHz 1s applied to
the driving unit 310 and then voltage signals output from the
driving unit 310 and the inter-modulation distortion canceller
410 are measured 1n a time domain. Referring to FIG. 8, the
output signal of the driving unit 310, 1.e., an amplification
signal has a phase difference of 180° with respect to the
output signal of the inter-modulation distortion canceller 410,
1.€., a non-linear signal.

FIG. 9 1s a graph showing the magnitude of an amplifica-
tion signal or a non-linear signal according to the magnitude
of an input signal 1n the signal amplification apparatus of FIG.
6. In FIG. 9, magnitudes of the mput signal and the amplifi-
cation signal are indicated by dBm. Graph of @ represents a
first-order component of the amplification signal that passes
through the first active element 312 and the second active
clement 314 and 1s output, and graph of @ represents a
third-order inter-modulation component of the amplification
signal. Also, graph of @ represents a first-order component
of the non-linear signal that passes through the first active
element 312, the third active element 320, and the fifth active
clement 340, and graph of @ represents a third-order inter-
modulation component of the non-linear signal.

Referring to FIG. 9, graphs of @ and @ that represent the
third-order inter-modulation component of the amplification
signal that passes through one path and the third-order inter-
modulation component of the non-linear signal that passes
through another path have a phase difference of 180° and the
same output magnitude each other. Thus, a signal according
to graph of @ and a signal according to graph of @ may be
finally cancelled from the output terminal. Thus, linearization
of the input signal may be enhanced compared to the conven-
tional cascode amplifier of FIG. 2.

FI1G. 10 1s a graph showing the result of two-tone simula-
tion with respect to the signal amplification apparatus of FIG.
6. In two-tone simulation, input frequencies are 2490 MHz
and 2510 MHz, and input power 1s between —30 dBm and 0
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dBm. Referring to FIG. 10, 1n a section where input power 1s
between —-20 dBm and -7 dBM, the size of a third-order

inter-modulation component included 1n the output signal of
the signal amplification apparatus of FIG. 6 including the
inter-modulation distortion canceller 410 of FIG. 7 1s smaller
than the size of a third-order inter-modulation component
included 1n the output signal of the driving unit 310. In par-
ticular, when mput power 1s —12 dBm, third-order inter-
modulation power 1s decreased to 10 dB or higher.

Experiments for checking linearization of a signal by using,
the signal amplification apparatus of FIG. 6 were conducted.

FIG. 11 1s a micro-photo of a drive amplifier 1n which the
signal amplification apparatus of FIG. 6 1s implemented. The
drive amplifier of FIG. 11 1 which the inter-modulation
distortion canceller 410 1s used has the same configuration as
the signal amplification apparatus of FIG. 6 and was fabri-
cated by a 0.18 um CMOS process. A bias current of the
conventional cascode amplifier of F1G. 2 and a bias current of
the drive amplifier of FIG. 11 in which the inter-modulation
distortion canceller 410 1s used were 11 mA and 13 mA,
respectively, and 1n the drive amplifier using the inter-modu-
lation distortion canceller 410, a further current of 2 mA was
consumed. This 1s because a current flows through the inter-
modulation distortion canceller 410. Also, the gain of the
cascode amplifier of FI1G. 2 and the gain of the drive amplifier
using the inter-modulation distortion canceller 410 were
measuredas 11.8 dB and 11.5 dB at a frequency band of 2500
MHz, and a reduction 1n gain of the inter-modulation distor-
tion canceller 410 was 1gnorable. This 1s because the magni-
tude of the imput signal 1s amplified by the driving unit 310, as
described above. A reflection coellicient S,, of an output
terminal of the cascode drive amplifier of FIG. 2 and a reflec-
tion coellicient S, of an output terminal of the drive amplifier
of FIG. 11 were measured as —14.7 dB and —14.5 dB respec-
tively. In the experiments, the gain and the retlection coetfi-
cient S,, were measured by a vector network analyzer.

FIG. 12 1s a graph showing the result of measuring OP,
of the conventional cascode amplifier of FI1G. 2 and OP, ,, of
a drive amplifier using the inter-modulation distortion can-
celler 410. OP, . was measured at 2500 MHz. Referring to
FIG. 12, OP, » of the drive amplifier using the inter-modu-
lation distortion canceller 410 was measured as 5.5 dBm and
was enhanced by 5 dBm compared to 0.5 dBm that 1s OP, .
of the conventional cascode amplifier of FIG. 2.

FIG. 13 1s a graph showing power-added efliciency (PAE)
versus input power. PAE 1s defined by Equation 3:

PDHI - Piﬂ (5)

PAFE =
Ppc

where P___1s output power, and P, 1s input power, and P~ 1s
DC power.

In other words, graph of FIG. 13 represents values that are
obtained by dividing a difference between input and output
power ol the amplifier by DC power when input power 1s
increased. This 1s an 1indicator indicative of effect on which
DC consumption power aifects the gain of an RF signal and 1s
power elliciency of the drive amplifier. Thus, as PAE 1s
increased, the efficiency of the drive amplifier 1s increased.
Referring to FIG. 13, PAE of the cascode amplifier of FIG. 2
and PAE of the drive amplifier using the inter-modulation
distortion canceller 410 according to a variation of 1nput
power were measured to be nearly similar. However, when
calculating PAE at OP, _, that 1s maximum saturation power

of the amplifier, PAE of the drive amplifier using the inter-




US 7,940,126 B2

9

modulation distortion canceller 410 was 21% and thus was
enhanced by 13.5% compared to the conventional cascode
amplifier of FIG. 2. Thus, the drive amplifier using the inter-
modulation distortion canceller 410 enhances OP, - and also
enhances PAFE remarkably.

FIG. 14 1s a graph showing output power versus input
power ol the conventional cascode amplifier of FIG. 2 and
output power versus input power of the drive amplifier using
the inter-modulation distortion canceller 410, and FIG. 15 1s
a graph showing a third-order inter-modulation distortion
component versus iput power of the conventional cascode
amplifier and a third-order inter-modulation distortion com-
ponent versus input power of the driver amplifier using the
inter-modulation distortion canceller. Graphs of FIGS. 14 and
15 are obtained as the result of two-tone simulation. Also,
two-tone mput frequencies are 2490 MHz and 2510 MHz that
have a frequency interval of 20 MHz.

From graph of FIG. 14, with respect to OIP, that i1s an
indicator indicative of linearity of an amplifier, OIP; of the
drive amplifier using the inter-modulation distortion cancel-
ler 410 was measured as 15.5 dBm and was enhanced by 6 dB
compared to the cascode amplifier of FIG. 2. In this case, the
result of measuring OIP, was obtained when input power was
—-30 dBm. Also, referring to FIG. 15, when the inter-modula-
tion distortion canceller 410 was used, a third-order inter-
modulation distortion component was increased by 15 dB
when 1nput power was —20 dBm. The phenomenon 1n which
the third-order inter-modulation distortion component was
rapidly increased occurred until input power was —14 dBm.

The result of experiments conducted on the cascode ampli-
fier of FI1G. 2 and the drive amplifier using the inter-modula-
tion distortion canceller 410 was shown 1n Table 1.

TABLE 1
Drive
amplifier
usimng
inter-
Cascode modulation
drive distortion
Parameter amplifier canceller 410
Supply voltage 1.8 V 1.8 V
Supply current 11 mA 13 mA
Power gain 11.8 dB 11.5 dB
Soo -14.7 dB -14.5 dB
OP | 5 0.5 dBm 5.5 dBm
OIP; 9.5 dBm 15.5 dBm
PAE (at OP, ) 7.5% 21%

As described above, when an amplifier 1s designed using
the inter-modulation distortion canceller 410, OP, ., and
OIP, are greatly increased so that linearity of the drive ampli-
fler may be remarkably enhanced. Also, third-order inter-
modulation distortion characteristics are rapidly enhanced in
a section of particular input power. Thus, when a signal cor-
responding to mput power 1n the section 1s input to the ampli-
fier, third-order inter-modulation distortion power of the
amplifier may be greatly suppressed.

In the signal amplification apparatus with advanced linear-
1zation according to the present invention, an amplification
signal 1n which an iput signal 1s amplified 1s combined with
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a non-linear signal having an opposite phase to the amplifi-
cation signal and a low gain and 1s output so that a third-order
inter-modulation distortion component included 1n the mput
signal may be cancelled and a signal with advanced linearity
may be output. Also, a passive element 1s additionally con-
nected to the signal amplification apparatus so that the mag-
nitude of the amplification signal and the magnitude of the
non-linear signal may be adjusted to be the same and linearity
of the signal may be further enhanced.

While the present invention has been particularly shown
and described with reference to exemplary embodiments
thereot, 1t will be understood by those of ordinary skill in the
art that various changes 1n form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the following claims.

What 1s claimed 1s:

1. A signal amplification apparatus comprising:

a driving unit having a structure of a cascode amplifier
comprising a first active element and a second active
clement and outputting an amplification signal 1n which
an 1put signal 1s amplified, to an output terminal;

a third active element receiving a signal diverged between
the first active element and the second active element
while gate and drain terminals of the third active element
are shorted;

a fourth active element of which gate and drain terminals
are connected to a source terminal of the third active
element; and

a fifth active element of which gate terminal 1s connected to
the drain terminal of the fourth active element, output-
ting a non-linear signal having an opposite phase to the
amplification signal to the output terminal so as to cancel
a third-order inter-modulation distortion component
included in the mput signal.

2. The signal amplification apparatus of claim 1, wherein
the driving unit comprises a first active element in which a
magnitude of a current between drain and source terminals 1s
varied based on a magnitude of a voltage between gate and
source terminals and the input signal i1s 1nput to the gate
terminal, and a second active element 1n which a gate terminal
1s connected to a bias electric potential, a source terminal 1s
connected to the drain terminal of the first active element and
a drain terminal 1s connected to the output terminal.

3. The signal amplification apparatus of claim 2, further
comprising a first resistor element that 1s a passive element
connected between a drain terminal of the fourth active ele-
ment and a gate terminal of the fifth active element and
adjusting a magnitude of the non-linear signal.

4. The signal amplification apparatus of claim 2, further
comprising a second resistor element that 1s a passive element
connected between a drain terminal of the fifth active element
and the output terminal and adjusting a magnitude of the
non-linear signal.

5. The signal amplification apparatus of claim 3, further
comprising a second resistor element that 1s a passive element
connected between a drain terminal of the fifth active element
and the output terminal and adjusting a magmtude of the
non-linear signal.
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